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It is important to clarify the confinement scaling laws 
for extrapolating present LHD database to the future reactor 
plasmas. 
For this purpose the precise experimental data analysis 
on LHD has been carried out using the TOTAL (Toroidal 
Transport Analysis Linkage) code. Here, the 3-D equilibrium 
reconstruction in the axis, core and edge regions, has been 
carried out using "virtually expanded YMEC edge 
coordinates". This code is characterized by including the 
self-consistent equilibrium with experimental data, magnetic 
multiple-helicity effect and radial electric field effects on 
neoclassical transport, time-varying NBI deposition profile, 
bootstrap current effects on equilibrium-transport, and so on. 
In the analysis of experimental transport coefficient, 
time-dependent neutral-beam power deposition profile and 
slowing down calculation are carried out based on 
experimentally obtained density and temperature profiles. 
Different . from previous works, we used new 
high-heating-power database (4th, 5th and 6th experimental 
campaigns) mainly focusing on gas-puffing NBI-heated 
hydrogen plasmas [I]. The previous database utilized the 
plasma radius and the volume relevant to vacuum magnetic 
surfaces. Here the precise semi-empirical evaluation of the 
zero-pressure plasma boundary using virtual extended 
YMEC boundary was taken into account. The 98% energy 
plasma radius ~8 wcre used in the confinement scaling laws. 
The relevant plasma major radius R98 was determined by the 
m~Oln~O component of the magnetic surface, and the 
magnetic field strength B98 is determined by 
B98=RvacBvaJR98 . Almost 300 typical quasi-steady-state 
shots from 4th ...... 6th experimental campaigns were chosen for 
local and global confinement analysis. The global scaling 
evaluations using measured diamagnetic energy can be 
found as same as those using kinetic plasma energy. 
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According to the previous scaling laws, the density 
dependence on confinement is weak comparing with 
well-known conventional scaling laws. We reconfinned 
using new kinetic databases that - 1.5 times higher 
confinement time than the ISS95 scaling is obtained 
(average -1.53, standard derivative -'{).46) (Fig. I), which 
corresponds to - 2 times of the LHD scaling value (average 
-2.10, standard derivative -0.86). 
The "Modified New LHD" confmement scaling laws 
by the log-linear regression analyses are derived [I] as 
follows: 
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The NLHD-IM (Fig.I(b) is based on experimental data 
from heliotron-type devices (LHD,ATF,H-E and CHS), and 
the NLHD-2M based on those from all helical devices 
including W7-AS, W7-A experimental data set. In this 
analysis we reconfinned that the magnetic rotational 
transform does not play a statistic role, then we neglected 
this tenn. 
The log-liner regression analysis is also applied to 
dimensionless values using normalized gyro-radius p. , 
collisionality vO. and beta value. Here we used special 
analysis to keep Kadomtev's constraint: 
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Again, DIM scaling is based on only heliotron-type devices, 
and D2M is obtained from all database. These global scaling 
laws suggested the strong gyro-Bohm like features, which is 
different from previous conventional scaling laws 
(Gyo-Bohm like) based on only medium-sized devices. 
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Fig.1 Experimental confinement time vs. the ISS-95 scaling law (left), 
and "New LHD Modified" scaling laws (Eq.l) (right). 
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